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Fig. 2. Kaplan–Meier survival curve showing the different severity
progression between carriers of the haplogroup H and non-H carriers.
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THE ASSOCIATION OF GENES WITHIN THE VITAMIN D METABOLISM
PATHWAY AND RADIOGRAPHIC KNEE OSTEOARTHRITIS: DATA
FROM THE OSTEOARTHRITIS INITIATIVE GENOME-WIDE ASSOCIATION
STUDY
L. Yerges-Armstrong1, C. Lu1, M.C. Hochberg1, B. Mitchell1, D. Duggan2,
R. Jackson3, for The OAI Investigators. 1Univ. of Maryland Sch. of Med.,
Baltimore, MD, USA; 2TGEN, Phoenix, AZ, USA; 3The Ohio State Univ. Sch. of
Med., Columbus, OH, USA
Purpose: Previous epidemiologic studies have demonstrated an
association of low serum 25-hydroxyvitamin D levels with the
development and progression of osteoarthritis (OA) of the hip and knee.
Potential pathophysiologic mechanisms include effects on chondrocyte
metabolism and immune responses as well as associations with low
bone mineral density. A prior genome-wide association study (GWAS)
demonstrated associations of single nucleotide polymorphisms (SNPs)
in genes involved in vitamin D metabolism with serum 25(OH)D
insufﬁciency (Lancet 2010;376:180–8). The present analysis focused on
whether SNPs in genes within the vitamin D metabolism pathway are
associated with radiographic knee OA.
Methods: We tested for associations between radiographic knee
OA (RKOA) and 271 SNPs falling within 6 Vitamin D metabolism
pathway genes (CYP2R1; CYP24A1, CYP27A1, CYP27B1, GC, VDR) in 3286
participants from the Osteoarthritis Initiative (OAI). Cases (N=2209) had
at least one knee with deﬁnite osteophytes irrespective of the presence
of joint space narrowing (equivalent to Kellgren-Lawrence [KL] grade 2
of higher). Controls (N=1077) had both knees free of both osteophytes
and joint space narrowing (equivalent to KL grade 0). The candidate gene
SNPs were genotyped on the Illumina 2.5M platform as part of the GWAS
of OAI participants. Odds ratios for the association of individual SNPs
and RKOA were estimated from logistic regression analyses adjusted for
age and gender; analyses were conducted separately for Caucasians and
African-Americans. We estimated that the sample size would provide
80% power to detect associations with odds ratios of 1.25–1.37 for SNPs
with minor allele frequencies of 0.10 to 0.50 (a = 0.001).
Results: Demographic features of cases and controls are shown in Table 1.
In single SNP analysis of 2,669 Caucasian subjects, RKOA was nominally
associated with 2 SNPs in CYP2R1 (p < 0.05), 1 SNP in VDR (p < 0.02),
and 1 SNP in CYP24A1 (p < 0.02). Using a gene-wise permutation test
that accounted for correlations among SNPs and the number of SNPs
tested within each gene, none of these associations was smaller than
what would have been expected by chance. In single SNP analysis of
617 African-American subjects, RKOA was nominally associated with
2 SNPs in CYP27A1 (p < 0.03), 1 SNP in VDR (p < 0.03), and 2 SNPs in
CYP24A1 (p < 0.03). After performing the gene-wise permutation test,
there remained weak evidence that the association observed between
CYP24A1 SNP20–52212617 and RKOA (p =0.007) was smaller than would
have been observed by chance after taking into account the multiple
testing within this gene (p =0.06).
Conclusion: These are the ﬁrst preliminary results from the Genome
wide association study of participants in the OAI. They suggest that,
despite weak evidence of an association of a single SNP within
the CYP24A1 gene in African-Americans, genes within the vitamin D
metabolism pathway do not appear to inﬂuence the development of
RKOA in U.S. adults.
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GENOME WIDE EXPRESSION ANALYSIS OF OSTEOARTHRITIS
AFFECTED AND PRESERVED CARTILAGE FROM JOINT REPLACEMENT
SURGERY MATERIAL IN THE RAAK STUDY
S.D. Bos1,2, Y.F. Ramos1, R. van der Breggen1, B.J. Duijnisveld3, J.V. Bove´e4,
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Purpose: To chart the genes and processes involved in the breakdown
of cartilage during osteoarthritis (OA) in a genome wide expression
approach of a considerable number (N=33) of matched OA affected and
preserved cartilage samples using microarrays.
Methods: For 33 patients of the research osteoarthritis and articular
cartilage (RAAK) study (mean age 66.2, range 54–80) we collected
paired cartilage samples at joint replacement surgeries. Affected (near
lesion) areas were matched by preserved (distant from lesion) areas
within each single joint. We included both hip (N=22) and knee
(N=11) replacements. By use of microscopic assessment a scoring of
the cartilage damage was made according to Mankin which takes both
cellular and matrix features of OA into account. RNA was isolated by use
of cryogenic disintegration of the cartilage followed by Qiagen column
extraction and checked for quality (RIN > 8.0) and quantity by lab-on-
a-chip techniques before applying the standard protocol for Illumina
microarray measurements on the HT12-v3-microarrays. After micro-
array analyses all 33 sample pairs passed basic quality control. Analysis
of the data was performed using ’R’ and the Limma package identifying
the most signiﬁcantly up- or downregulated single genes, corrected for
multiple testing (Holm’s method).
Results: Although for some samples the preserved areas did show
signs of OA damage, the Mankin grading for cartilage indicated overall
less damage within the preserved areas as compared to the matched
affected cartilage areas. In total, we detected 206 probes (representing
183 genes) which were differentially expressed with a Holm adjusted
P-value <0.05, irrespective of fold changes of expression. Amongst
these were genes associated to inﬂammation, the complement system,
development, matrix associated genes and several genes involved in
neuronal processes.
When we prioritized the data for genes that showed a fold change of
at least 2, we found the expression to be decreased for 5 genes and
increased for 15 genes in affected as compared to matched preserved
cartilage (23 corresponding probes). The markedly up-regulated genes
belong to pathways which are the usual suspects for involvement in
OA being; inﬂammation (prostaglandin E synthase (PTGES), chemokine
ligand 14 (CXCL14)) and developmental or matrix associated genes
(osteopontin (SPP1), frizzled related protein (FRZB), collagen type IX alpha
1 (COL9A1)). More remarkable, we observed extensive and signiﬁcant up-
regulation of the nerve growth factor (NGF) gene.
Conclusions: This is the ﬁrst analysis of micro-array expression data of
a large number of OA affected cartilage samples matched by preserved
cartilage from the same joint. We show differential expression 183 genes
reﬂecting several processes that may mark the ongoing OA process in
human cartilage. Possibly, amongst these genes are potent therapeutic
targets which may be targeted to stop the process of cartilage breakdown.
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Several of the identiﬁed genes such as PTGES and FRZB were previously
found to mark OA in expression analyses and/or genetic association
studies. Remarkably, we identiﬁed several genes which regulate nerve
growth processes to be up-regulated in the OA affected areas. This ﬁnding
raises the question whether increasing pain signals at OA lesions may
confer risk to joint replacement surgery.
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GENETIC POLYMORPHISMS OF TUMOR NECROSIS FACTOR ALPHA GENE
AND SUSCEPTIBILITY TO HAND OSTEOARTHRITIS IN FINNISHWOMEN
S. Ha¨ma¨la¨inen, S. Solovieva, T. Vehmas, P. Leini-Arjas, A. Hirvonen.
Finnish Inst. of Occupational Hlth., Helsinki, Finland
Purpose: Osteoarthritis (OA) is a common disease characterised by
degeneration of the cartilage of synovial joints. Available evidence
suggests that genetic factors may play a major role in the etiology
of OA. Since Tumor necrosis factor alpha (TNFa) has been shown to be
produced more in OA cartilage than in normal cartilage, it is a good
candidate for these genetic factors. We examined this by studying the
role of four single nucleotide polymorphisms (SNPs) (rs1799964 "-1031",
rs1800630 "-863", rs1799724 "-857" and rs1800629 "-308") in TNFa gene
and their haplotypes in the individual susceptibility to hand OA in Finnish
women.
Methods: Bilateral hand radiographs of 543 Finnish female dentists and
teachers aged 45–63 years and living in the Helsinki metropolitan region
were examined and classiﬁed for the presence of OA using a modiﬁed
Kellgren-Lawrence (K-L) system and reference images. Hand OA was
deﬁned as at least mild (K-L > 2) symptomatic distal interphalangeal
(DIP) hand OA in at least 2 ﬁnger joints (symptDIP OA 2+ >2). The
genotypes were determined by PCR-based methods. Data regarding other
risk factors were collected by questionnaire. Association between the
genotypes/haplotypes and hand OA were studied by logistic regression
with SPSS statistical package Version 18.0. Haplotypes were analysed
with Haploview program and reconstructed with PHASE
Results: According to power calculations, this study had 80% power to
detect ORs from 2.7 to 4.0 depending on the minor allele frequency
(6–18%), based on a two-sided alpha of 0.05.
The prevalence of symptDIP OA 2+ >2 was 9%, (6.8% in dentists, 11.7% in
teachers). The genotype frequencies were in Hardy-Weinberg equilibrium
in all studied polymorphic loci. An association was found between the
TNFa −1031 and −863 loci’s minor allele carriage (C-allele in −1031
and A-allele in −863) and symptDIP OA 2+ >2 when adjusted for age,
occupation and BMI. The minor allele in −1031 locus posed a borderline
signiﬁcant risk in total sample (OR 1.76 95% CI 0.95–3.29). When stratiﬁed
by occupation an almost 3-fold risk (OR 2.81, 95% CI 1.06–7.45) was seen
in dentists whereas no statistically signiﬁcant association was seen in
teachers (OR 1.30, 95% CI 0.57–2.95). Similarly, carriage of the minor allele
in −863 locus posed an over 2-fold risk in total sample (OR 2.13, 95% CI
1.14–4.00), and when stratiﬁed by occupation the risk was over 3-fold in
dentists (OR 3.40, 95% CI 1.27–9.13) whereas no statistically signiﬁcant
association was seen in teachers (OR 1.56, 95% CI 0.68–3.56).
Haplotype analyses revealed a LD between the TNFa −1031 and −863 loci
(D’ 1.0; r2 0.86). The most common haplotype was TC (82%), followed by
CA (17%) and CC (2%). The haplotype analysis gave similar results to the
genotype analyses; the CA-haplotype showed association to symptDIP
OA 2+ >2 when adjusted for age, occupation and BMI (OR 1.80 95% CI
1.06–3.08). When stratiﬁed by occupation the dentists had an over 2-fold
risk (OR 2.29 95% CI 1.01–5.20) whereas no signiﬁcant risk was seen in
teachers (OR 1.54 95% CI 0.76–3.13).
Conclusions: Our results suggest that the TNFa gene polymorphisms
may play a role in the etiology of hand OA.
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GENOME-WIDE ASSOCIATION STUDY TO IDENTIFY NEW GENES AND
PATHWAYS CONFERRING RISK TO OA SUSCEPTIBILITY IN MULTIPLE
JOINT LOCATIONS AS DEFINED IN THE GARP STUDY
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LUMC, Leiden, Netherlands; 7Dept. of Internal Med., Erasmus MC,
Rotterdam, Netherlands; 8The Netherlands Genomics Initiative, NCHA,
Leiden-Rotterdam, Netherlands; 9Newcastle Univ., Musculoskeletal Res.
Group, Newcastle, United Kingdom
Purpose: Identify, by genome wide association (GWAS), common OA
susceptibility loci conferring risk to OA at multiple joint locations as
deﬁned in the GARP study.
Methods: A genome wide scan was performed by applying the
Illumina Human660W in the GARP study (N=380) and random controls
(N=1670). The GARP study consists of sibling pairs with symptomatic
OA at multiple joint locations at relative young age (40–70 yrs). This
relatively severe phenotype with familial background may help to stratify
OA into a genetically homogeneous subset, thereby enhancing power
and allowing identiﬁcation of variants with larger impact. Putative OA
susceptibility loci with P-values≤10−5 were replicated both in silico (3
datasets for multiple joint OA, total N =796 cases and 44088 controls) and
by de novo genotyping (N=400). Pathway analysis was performed with
the top 200 loci of the GARP genome wide scan by applying the Database
for Annotation, Visualization and Integrated Discovery (DAVID).
Results: Our analyses resulted in 3 loci at 6q21 (106 Mb), 7q35 (146 Mb)
and 15q26 (91 Mb) that confer consistent risk to OA at multiple joint
locations with an overall P-value <10−4 in the meta-analysis. Pathway
analysis indicated a signiﬁcant involvement of genes expressed during
development.
Conclusions: Although 3 loci showed consistent association to OA at
multiple joint locations, none passed the genome-wide signiﬁcance level
(P-value <10−8). Further analyses are necessary to conﬁrm whether these
putative loci confer risk to our speciﬁc OA phenotype. In addition, we
would like to investigate whether these loci also play a role in more
common OA subtypes by analyses in much larger datasets. Our pathway
analyses supported the hypothesis of OA being a disease with an early
developmental component.
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COMMON VARIANTS IN SKELETAL DYSPLASIA GENES ARE ASSOCIATED
WITH OSTEOARTHRITIS
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M. Kloppenburg5, N. Arden9, The arcOGEN Consortium, H. Albert1,
E. Slagboom5, L. Frank10, A. Metspalu4, J. Ioannidis2, I. Jonsdottir7,
K. Stefansson7, T. Spector11, A. Uitterlinden1, E. Zeggini6, A. Valdes11,
V. Evangelou12, J. van Meurs1. 1ErasmusMC, Rotterdam, Netherlands;
2Univ. of Ioannina Sch. of Med., Ioannina, Greece; 3Guy’s and St Thomas’
NHS Trust, London, United Kingdom; 4Univ. of Tartu, Tartu, Estonia;
5Leiden Univ. Med. Ctr., Leiden, Netherlands; 6Sanger Inst., Hinxton, United
Kingdom; 7deCODE genetics, Reykjavik, Iceland; 8Boston Univ. Sch. of Med.,
Boston, ME, USA; 9arcOGEN, Oxford, United Kingdom; 10Univ. of Leuven,
Leuven, Belgium; 11Kings Coll. London, London, United Kingdom; 12Univ. of
Ioannina Scool of Med., Ioannina, Greece
Purpose: To ﬁnd novel genes involved in osteoarthritis (OA) by studying
common genetic variation in genes that have previously been identiﬁed
to cause rare skeletal (dysplasia) syndromes, for example achondroplasia
or Stickler syndrome.
Methods: All known genes causing skeletal (dysplasia) syndromes
were selected based 2 criteria: 1. A list of genes selected from the
